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Abstract The influence of dentin permeability on trans-
dentinal LED light propagation should be evaluated since
this kind of phototherapy may further be clinically used to
stimulate the metabolism of pulp cells, improving the
healing of damaged pulps. This study evaluated the
influence of the dentin permeability on the transdentinal
LED light (630 nm) transmission. Forty-five 0.5-mm-thick
dentin disks were prepared from the coronal dentin of
extracted sound human molars. An initial measurement of
transdentinal LED light transmission was carried out by
illuminating the discs in the occlusal-to-pulpal direction
onto a light power sensor to determine light attenuation.
The discs were treated with EDTA for smear layer removal,
subjected to analysis of hydraulic conductance, and a new
measurement of transdentinal LED light transmission was
taken. Spearman’s correlation coefficient was used for
analysis of data and showed a weak correlation between
dentin permeability and light attenuation (coefficient=
0.19). This result indicates that higher or lower dentin
permeability does not reflect the transdentinal propagation
of LED light. Significantly greater transdentinal propaga-
tion of light was observed after treatment of dentin surface
with EDTA (Wilcoxon test, p<0.05). According to the
experimental conditions of this in vitro study, it may be
concluded that dentin permeability does not interfere in the
transdentinal LED light transmission, and that smear layer
removal facilitates this propagation.
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Introduction
Phototherapy using light emitting diodes (LEDs) has been
used in several health fields, including the treatment of
dermatitis, Alzheimer’s disease, and muscle analgesia [1–3].
Light has also been applied combined with a photosensitizing
agent in the photodynamic therapy for the treatment of
neoplasias [4]. In dentistry, several studies have been directed
to investigate the effects of LED light irradiation on oral
mucositis [5, 6], dentin hypersensitivity [7], candidiasis [8],
and decontamination of carious cavities [9]. A LED therapy
protocol established by Sacono et al. [6] was effective
in reducing the severity of mucositis induced by a chemo-
therapeutic agent associated with superficial scratching of the
cheek pouch of hamsters. Lizarelli et al. [7] evaluated the
clinical effect of LED and low-level laser therapy (LLLT) on
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dentin hypersensitivity and observed that both treatments
were effective in reducing pain.
Other positive effects of phototherapy have been reported,
including acceleration of the wound healing process [10–12],
enamel remineralization [13], cell proliferation and collagen
synthesis [14], increase of cell metabolism [15], expression
of growth factors and extracellular matrix components, as
well as stimulation of ATP synthesis and reactive oxygen
species (ROS) production [2, 3].
Vinck et al. [16] irradiated fibroblast cell cultures with
an LED light source emitting several wavelengths (950 nm,
660 nm, and 570 nm) and found increased fibroblast
proliferation. In the same study, comparison between LED
light and laser light revealed that both illumination systems
promoted an increase in fibroblast proliferation, confirming
that LED light can be used as a substitute for the laser.
Other in vitro studies have also found that light irradiation
stimulates proliferation of different cell lines [14, 17–19].
An LED is a semiconductor device that emits non-coherent
narrow-spectrum light when electrically biased in the forward
direction. This effect is a form of electroluminescence. The
color of the emitted light depends on the chemical composi-
tion of the semiconducting material used, and can be near-
ultraviolet, visible, or infrared [20]. LEDs have become an
effective alternative to laser systems for a number of reasons:
their lower cost, availability in a variety of wavelengths,
ranging from ultraviolet to near-infrared region of the
spectrum, narrow emission band (about 5–10 nm), light
fluence rate that can achieve hundreds of mW/cm2, the
arrays can be constructed in various sizes to accommodate
large areas, and they do not emit any heat, which eliminates
the danger of additional tissue damage [20]. According to the
literature, lasers and LEDs with the same wavelength,
intensity, and dose promote the same biological response [7].
It is known that dentin has a tubular structure and that
the relative number (tubular density) and diameter increase
from the outer to the inner layers of dentin and close to the
pulp tissue [22]. This morphological variation leads to the
occurrence of regional differences in dentin permeability.
The analysis of dentin permeability is important for studies
investigating the transdentinal diffusion of components of
dental materials and their possible indirect cytotoxic effects
on pulp cells. The greater the dentin permeability, the
greater the contact of the dentin fluid with the material,
which can cause solubilization of its components and
release of toxic products that are capable of diffusing
through the tubules and causing pulp cell damage [23].
The relationship between dentin permeability and trans-
dentinal light transmission and its consequences to the
biological events on the pulp cells have not yet been
investigated. According to Zijp and Bosch [24], transdentinal
light transmission is guided mainly by light scattering caused
by the presence of dentin tubules, mineral crystals, and
collagen fibrils. The dentin tubules are considered as the
predominant cause of scattering in dentin. Studies investi-
gating the optical properties of dentin [25, 26] have shown
that the transdentinal laser light transmission is related to the
shape and arrangement of dentin tubules. Hence, it is
possible to suggest the existence of a direct relationship
between dentin permeability and light transmission through
dentin.
Based on this research data, recent studies investigating
the transdentinal effect of light originated from different
sources on cell cultures have evaluated dentin permeability
(hydraulic conductance) in order to obtain a homogenous
sample and a standardized experimental design. The dentin
discs are subjected to analysis of hydraulic conductance and
those with similar values are selected and distributed to the
study groups [21]. However, it is not well understood how
LED light propagates through dentin and whether the
diameter and number of tubules play the main role in this
transmission. Therefore, the aim of this study was to
evaluate the relationship between dentin permeability and
transdentinal LED light transmission.
Material and methods
Sound human third molars free of cracks, defects, or
morphological alterations were obtained from the Human
Tooth Bank of Araraquara School of Dentistry, UNESP -
Univ. Estadual Paulista, Brazil, after approval of the research
project by the local Research Ethics Committee (Protocol 26/
09). The teeth were immersed in 70% ethanol for 5 days and
scaled for removal of periodontal ligament remnants and other
surface-adhered debris.
Dentin discs were cut transversally from the middle portion
of each tooth crown in a precision cutting machine (Isomet
1000, Buehler Ltda., Lake Bluff, IL, USA) with a water-
cooled diamond saw (11–4254, 4” × 0.012”/series 15LC,
Diamond Wafering blade, Buehler Ltda.). The dentin surface
was polished with wet 400- and 600-grit silicon carbide paper
(T469-SF- Norton, Saint-Gobain Abrasivos Ltda., Jundiaí,
SP, Brazil) until obtaining 0.5-mm-thick dentin discs, con-
firmed by checking the thickness with a digital caliper (Model
500-144B, Mitutoyo Sul América Ltda., São Paulo, SP,
Brazil). For disinfection purposes, each disc was dipped in a
well of 24-well plates (Costar Corp., Cambridge, MA, USA)
containing 1 ml of 70% ethanol [23]. After 6 h, the discs were
washed with three 5-min rinses with phosphate buffer saline
(PBS, pH 7.4).
Experimental design
Forty-five 0.5-mm-thick discs were used. An initial measure-
ment of transdentinal LED light transmission was done by
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illuminating the discs in the occlusal-to-pulpal direction onto a
light power sensor (Coherent LM-2 VIS High-Sensitivity
Optical Sensor; USA) to determine the light attenuation that
occurred through the disc structure. The pulpal side of the disc
was in contact with the light power sensor, while the light
beam of an LED light source (λ=630) was directed to the
occlusal side of the disc at a fixed distance in such a way that
the disc could be illuminated in a uniform manner. An acrylic
cylinder was attached to the LED light guide tip to collimate
the light and direct it to the disc-sensor set. The LED source
was regulated to reach maximum power of 50 mW, which is
the detection limit of the light power sensor used in this study.
The percent light attenuation in each disc was calculated by
the ratio between illumination with and without interposition
of the dentin disc.
After measurement of the initial transdentinal LED light
transmission, a 0.5 M ethylenediaminetetraacetic acid
(EDTA) solution (pH 7.2) was applied on the surface of
the discs (occlusal and pulpal) for 2 min for removal of the
smear layer, and then the discs were thoroughly rinsed with
sterile deionized water for 60 s. Then, each dentin disc was
subjected to analysis of hydraulic conductance. Permeability
is derived from the hydraulic conductance or ease of fluid flow
through a surface with known area and under certain pressure
within a certain time duration. Outhwaite et al. [27] developed
a device to facilitate the study of dentin permeability, known
as in vitro pulp chamber or filtration chamber, which has
been widely used in several studies [23]. The hydraulic
conductance was analyzed using a split filtration chamber
with an upper and a lower compartment, between which the
dentin disc is placed for examination. The system starts
working when the 1.8-m-high water column valve
(corresponding to a pressure of 180 cm H2O or 17.65 kPa)
is opened and releases the water that exerts a hydrostatic
pressure. This reservoir or water column is directly
connected to a micropipette through polyethylene capillaries
with diameter of 18 gauges (Embramed, São Paulo, SP,
Brazil). The pressure was converted to kPa (1 cm H2O=
0.098 kPa). This micropipette is juxtaposed to a measure-
ment scale in millimeters, which allows measuring the
dislodgement of liquid in a fraction of time, according to
the filtration rate of the dentin discs. The dislodgement of
deionized water is visualized through the movement of a
microbubble created by a syringe coupled to a capillary
extension between the micropipette and the filtration
chamber. This filtration chamber is the final part of the
system that houses the dentin discs and is connected to the
hydrostatic pressure column by the polyethylene capillaries.
After determination of the hydraulic conductance of each
disc, a new measurement of transdentinal LED light
transmission was performed as previously described.
However, at this time, the discs were clean (without smear
layer) and with known hydraulic conductance.
The transdentinal light attenuation (%) data, obtained
before and after dentin treatment with EDTA, were compared
using the Wilcoxon test. The correlation between trans-
dentinal light attenuation and permeability of each dentin disc
was analyzed by the Spearman’s correlation coefficient. A
significance level of 5% was set for all analyses.
Results
A statistically significant difference of transdentinal light
attenuation was observed as a function of EDTA treatment
for the hydraulic conductance test (Wilcoxon, p<0.05).
Significantly greater (61%) transdentinal light attenuation
was observed when the discs were not pretreated with
EDTA (smear-covered discs) compared to those treated
with the chelating agent (smear-free discs) (59%) (Fig. 1).
Moderate to weak correlation (coefficient=0.19) was
observed between transdentinal light attenuation (%) and
dentin permeability after treatment of the discs with EDTA
(no smear layer). Figure 2 illustrates the dispersion data of
transdentinal light attenuation as a function of dentin disc
permeability.
Discussion
LED phototherapy has been shown to produce positive
biological effects, such as an increase of cell proliferation
and collagen synthesis [14], as well as expression of growth
factors and different extracellular matrix components [2, 3].
Fig. 1 Box-plot (minimum value [percentile 25–median–percentile
75] maximum value) of the attenuation (%) occurring during
irradiation of dentin discs (n=45) before and after treatment with
EDTA for the permeability test. Statistically significant difference
(Wilcoxon, p<0.05) was observed between the two conditions
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However, although the mechanisms that guide the benefi-
cial effects of LED light have been investigated in vitro,
little is known about LED light transmission through the
hard tissues of the body (e.g., bone, cartilage, enamel,
dentin). Until now, several studies have referred only to the
effects of light applied directly to different cell lines [14,
16–19]. It is important to obtain data about the effects of
transdentinal illumination on the behavior of typical pulp
cells because the light has to propagate through the dentin
barrier to interact with the pulp cells during clinical
application of phototherapy to reduce dental pain and/or
accelerate tissue healing. Therefore, the present study
investigated the relationship between dentin permeability
and transdentinal LED light transmission using 0.5-mm-
thick dentin discs. This experimental condition aimed at
mimicking a specific clinical situation in which deep
cavities are prepared in human teeth. Then, it is possible
to investigate if the number and diameter of dentin tubules
could interfere in the transdentinal transmission of LED
light.
The hydraulic conductance test has been widely used in
studies carried out to evaluate the cytotoxicity of dental
materials, since the experimental and control groups should
not present statistically significant differences in dentin
permeability [23]. Based on the diffusion mechanism of
these materials and/or their components through the dentin
tubules, the use of the hydraulic conductance test has also
been recommended to evaluate transdentinal light transmis-
sion across dentin [21]. The results presented in Fig. 2 show
that light transmission through the dentin structure did not
vary significantly, regardless of greater or lower dentin
permeability. These findings suggest that the individual
analysis of hydraulic conductance may not be the most
adequate method to obtain a homogenous distribution of
specimens to experimental groups in studies investigating
the effect of light applied through dentin discs on cell
cultures. The measurement of transdentinal light transmis-
sion to determine light attenuation seems to be a more
accurate method in these cases.
Some studies have evaluated the optical characteristics
of dentin and enamel light diffusion through these tissues.
Vaarkamp et al. [25] irradiated dentin blocks with laser light
at different angles to determine the transmission of light at
the different faces. The authors concluded that the dentin
tubules are structural dentin components that interfere
directly on light scattering on this tissue. Light transmission
through dentin was more intense when illumination was
applied parallel to the dentin tubule direction. On the other
hand, illumination perpendicular to the dentin tubule axis
resulted in greater loss of intensity, conferring to dentin an
anisotropic characteristic [28]. These data demonstrate that
transdentinal transmission of laser light occurs, at least in
part, through the dentin tubules. However, Vaarkamp et al.
[25] evaluated laser transmission through dentin using an
optical fiber with small spot size in contact with enamel
surface to promote transillumination.
Studies on light transmission in turbid media (highly
scattering media) have shown that light intensity at a certain
depth depends on the diameter of the incident beam and
increases as larger is the beam diameter [29]. As LED
sources usually present a wide illumination area, it is likely
that they have a different dosimetry from that used for
lasers. In another study [26], horizontal and vertical
sections of different regions of molar teeth were prepared
and light transmission through the sections was examined
varying the irradiation angle. Although the authors did not
specify the type of light applied to the dental structures, the
ability of light to propagate through dentin tubules with
high refractive index was demonstrated. However, the
authors [26] claim that, although possible, light transport
along the tubule centers does not play an important role,
and that light propagation in a dentin section is apparently
based on the total internal reflection through the peritubular
dentin. The optical properties of a tooth as a whole are
determined by its architectonics, i.e., the tubules specifically
distributed over the dentin. These structural features should be
taken into account in optical studies and, in particular, in
developing an optical model of the whole tooth.
Both Vaarkamp et al. [25] and Zolortev et al. [26]
analyzed light transmission and its possible relationship
with dentin tubules using various irradiation directions on
different dentin regions. In the present study, two factors
are important to justify the weak correlation between dentin
permeability and light attenuation. The first is that the
dentin discs were cut from the same region of the tooth
(center of the tooth crown). The second and main factor
refers to the LED light itself, which was applied in the same
direction (along the dentin tubules) in all discs. The results
obtained in the present study suggest that the LED
Fig. 2 Correlation between transdentinal light attenuation (%) and
dentin permeability (kPa) after treatment of the discs with EDTA for
the hydraulic conductance
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irradiation protocol employed, according to which neither the
irradiation angle nor the dentin region varied from one
specimen to another, did not interfere significantly on the
transdentinal light transmission. Regional differences in the
number and diameter of tubules could interfere in light
transmission, but there is no published study reporting on a
significant influence of these factors on LED light scattering
through dentin structure. Therefore, it may be speculated that
the number and diameter of dentin tubules may contribute to
LED scattering, but not in a significant manner.
Although a direct correlation between dentin permeability
and transdentinal light attenuation could not be established in
this study when the discs were illuminated with a LED source,
cleaning of the dentin surface with EDTA before the
permeability test was important because tubule openings
facilitate light transmission. The dentin discs were cut from
tooth crowns in a precision cutting machine and then ground
wet with abrasive paper, which produced a smear layer on
their surfaces. As the smear layer is composed by organic and
inorganic debris originated from the cutting procedure and
water, it can reduce dentin permeability by 86% [30]. The
maintenance of the smear layer in the present study could
hinder light transmission through the dentin, leading to
inaccurate results. It should be emphasized that the smear
layer was formed on both sides of the disc (pulpal and
occlusal) in the present study, probably obliterating the
tubule entrances almost completely. In spite of this, 61%
light attenuation was obtained, which indicates that the LED
light beam was able to propagate through the dentin even
when the tubules were obliterated. This result confirms the
findings of Kienle et al. [29], who also consider the
occurrence of light transmission through the intertubular
dentin, which is mainly composed of collagen fibrils and
hydroxyapatite crystals. After treatment of the discs with
EDTA to clean dentin surface, the light attenuation decreased
by only 2% (from 61 to 59%) compared to the smear-
covered discs. This finding indicates that under the tested
conditions and LED parameters, the dentin tubules per se did
not play a key role in the transdentinal light transmission.
In this in vitro study, 0.5-mm-thick dentin discs were
used to simulate a clinical condition of irradiating the floor
of a deep cavity, and the thickness of the discs could
eliminate the anisotropic characteristic of dentin. Our
results cannot be directly compared to those of previously
cited authors [25, 26], who irradiated dentin blocks
obtained from the proximal region of the teeth or thicker
dentin discs, in which the dentin tissue presented tubules
with varied curvatures. Further research should investigate
the transmission of LED light with different parameters
through dentin discs of varied thicknesses obtained from
different regions of the teeth.
There is no study in the literature comparing laser and
LED propagation through dentin. However, the biological
effect of these light sources has been evaluated individually
in previous studies [11, 16, 33, 34]. Regarding possible
differences around coherent light (laser) versus non-
coherent light (LED), it has been shown that the coherence
of light is not a determinant factor to the clinical effects of
low-level lasers. Moreover, the primary difference between
laser and LED is that the laser’s coherent beam produces
"speckles" of relatively high power density, which may
cause local heating of inhomogeneous tissues [31, 32].
Another difference is that the coherent optical radiation
produced by the laser is intrinsically monochromatic and
the laser is expected to be more chromophore-specific than
the light emitted by non-coherent sources, such as LED. On
the other hand, the non-coherent light can simultaneously
stimulate different chromophores and therefore unchain
several biochemical reactions [11]. It has also been reported
that the photochemical effects in the organism occur
independently of light coherence, as the coherence is lost
in the most superficial skin layer, before the light is
absorbed by the chromophores of the subjacent cells [11].
There is evidence that both coherent and non-coherent
lights can stimulate in vitro cell proliferation, transition
from the inflammatory to the proliferative phase, and the
activity of the superoxide dismutase enzyme, decreasing the
oxidative stress [33, 34]. There has also been evidence that
coherent and the non-coherent lights produce similar effects
in biological tissues. This fact has been demonstrated in
several studies [11, 16, 33, 34] in which both types of light
produced positive effects.
Based on the results obtained in this study, it is possible
to conclude that for further studies evaluating the effect of
transdentinal LED light transmission on pulp cells, the most
indicated laboratorial protocol for a homogeneous distribu-
tion of dentin discs into experimental and control groups is
the one that determines the light attenuation after light
application through each dentin disc. This methodology
should be preceded by cleaning of the discs in order to open
the dentin tubules and facilitate light transmission. It is
expected that the results of this investigation can be used to
establish an adequate methodology to evaluate the trans-
dentinal action of different LED parameters and wave-
lengths on cell cultures. All data presented in this in vitro
study will also be useful to guide future research on this
field and widen the possibilities of studying, in a more
detailed manner, the mechanisms involved in the LED
effects on reducing and/or preventing dentin hypersensitivity,
as well as LED light participation on the pulp healing process.
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